Abstract. Aiming at the inaccuracy and blindness of the traditional detection and assessment methods for the quality of emulsion explosives, a method for evaluating the quality of emulsion explosives based on soft measurement and multilevel fuzzy evaluation is proposed. The soft-sensing model of BP neural network can predict the online unmeasured performance indicators of detonation velocity and detonation online. The multilevel fuzzy evaluation method establishes the reliable multilevel fuzzy evaluation system based on the key parameters of the production process and expert experience. Experiments show that this soft-sensing model have made the convergence quickly and the accuracy highly,and can accurately predicts the detonation velocity and brisance of emulsion explosives online. In the last part, the design of quality assessment system can provide a new idea for solving the point of quality blindness detection and assessment.
Introduction
As a new type of industrial explosive, while the output of emulsion explosives is increasing day by day, the number of substandard products is also increasing.Enhancing the quality management of emulsion explosive products is the key for companies to survive in the fierce competition [1] . At present, there are two methods for quality inspection of emulsion explosives: the sampling inspection method and process parameter detection method. The facts show that although the former can accurately detect quality, the sampling period is too long; while the latter can detect process parameters online, it cannot accurately test quality. And there is blindness that people subjectively evaluate the quality of explosives. Therefore, it is significant to find a scientific and effective method for the detection and evaluation of the quality of emulsion explosives.
The soft measurement of emulsion explosives performance indicators

Introduction of the soft measurement
Soft measurement technology is based on the easy detection of process variables,making use of mathematical relationships between easy-to-measure process variables and process variables, through a variety of mathematics calculate and estimate the measurement of the process variable to be measured [2] . As an emerging industrial control technology and comprehensive automation technology, soft measurement technology is not only economical and reliable, but also has a rapid dynamic response. It has broad application prospects for development [3] .
Soft measurement model of detonation velocity and brisance
The quality of emulsion explosives is mainly reflected in the detonation performance,and the detonation performance is determined by the detonation velocity and brisance . In order to achieve the purpose of detection and evaluation of the emulsion explosives quality online. This article takes the detonation velocity and brisance as the output of the soft measurement . The flow chart of the emulsion explosives production is shown in figure 1 . 
Selection of the input variables
After analysing the production process of emulsion explosives, the main parameters affecting the detonation velocity and brisance are obtained:the oil phase flow, the water phase flow, the emulsification temperature,the emulsifier speed and the pressure of powder charge. Therefore, these five parameters are as input for the soft measurement model. Due to the unstable start-up of the emulsion explosive production, this paper selects 200 sets of data after normal production for a period of time. 150 sets of data are used as training samples, and another 50 sets of data are used as test samples, each set of data contains each of the above parameters. For data transformation, the data normalization method can eliminate the influence of different dimensions and different orders of magnitude of measurement data.
Establishment of soft measurement model
Since the three-layer BP neural network can solve the nonlinear problem [4] , the number of hidden layers is chosen to be 1.The determination of the number of nodes in the hidden layer is a complex problem. If the number of nodes selected is too few, the generalization ability and fault tolerance of the network will be poor, but too many middle layer nodes will be over-fitted. This article bases on the following empirical equation (1):
As the equation (1) shows , m represent the number of input nodes,m=5; n is the number of output nodes, n=2; a is constant of 1~10.First determining the approximate range of the number of nodes in the middle layer, and then through the simulation test to obtain the number of neurons as the last best network performance prediction of the number of neurons network [5] , in this case a=5. The BP neural network structure is shown in figure 2 .
The common BP network is not suitable for practical use. By consulting the literature, the Levenberg-Marquardt algorithm is suitable for medium-sized BP neural network, and the convergence speed is fast, also the precision is high. Therefore, the BP neural network improved by the LM algorithm is used in this model. The hidden layer transfer function uses the tan-Sigmoid function, the output layer uses the purelin function, setting the target error to 0.01. As shown in figure 3 and figure 4 , we can see that the LM-BP network training to 376 steps, and converges fastly.
From figure 4 and figure 5 , we can see that the LM-BP has a smaller predicted output error. The soft-sensing model established by the improved BP neural network can accurately predict the detonation velocity and brisance of emulsion explosives.
Emulsion Explosives Quality Evaluation System
Establishment of Emulsion Explosives Quality Evaluation System
Multilevel fuzzy evaluation system
There are many fuzzy evaluation concepts that people can not use a strict boundary to distinguish them in the actual evaluation. The multilevel fuzzy evaluation is based on fuzzy mathematics, and quantifies fuzzy factors of the unclear boundaries. In other words, this method can comprehensively assess the membership degree of objects from multiple factors. The steps of this method are as follows [6] :
(1) Set U for establishing fuzzy comprehensive evaluation factors. (2).
(5) The evaluation result is scored to P, as is shown in equation (3).
Determination of important parameters
Due to the many and complex factors affecting the quality of emulsion explosives, this article analyzes the production process and combines expert experience to determine the set of factors for evaluating the quality of emulsion explosives. As shown in table 1, the "detonation Velocity" and "Brisance" obtained from the soft measurement are added to the "Process Parameter" index. The "Process Parameters", the "Environmental Parameters", the "Materials" and the "Equipment" are set to 4 first-level assessment indicators, and set 11 indicators as secondary indicators.According to the assessment target of the quality , this article sets V={Excellent, Good, Qualified, Unqualified},and set V'={100, 80, 60, 40}, and then combine with the evaluation factor, determine the membership degree of each index corresponding to the four levels of the comment , so as to determine the second-level index fuzzy relationship matrix belonging to each first-level index: The emulsion explosive quality evaluation system contains quantitative and qualitative index. For the Process parameters and Environmental parameters, the membership function belonging to the lowest level index is constructed to determine the degree of the secondary index; for the Materials and the Equipment, the degree is determined by an expert assessment method.
As shown in table 1, this paper uses the Analytic Hierarchy Process (AHP) to determine the weight, firstly analyzes the relationship among the indicators within the same level, calculates the weight through the judgment matrix, and determines the index weight for each level after the consistency test [7] . 
Design of Emulsion Explosives Quality Evaluation System
As is shown in figure 6 , this part is design on the computer.The software module includes the data acquisition, the data display, the soft measurement and the explosive quality assessment. This system is developed on the basis of the original system, acquire the realtime data from the original system's King-view software. After evaluating the explosive quality, the evaluation results are displayed together with real-time data on the software interface. Fig. 6 . The overall structure of emulsion explosive quality evaluation system.
Conclusion
This paper proposes a quality assessment system for emulsion explosives based on soft measurement and multilevel fuzzy evaluation methods. A soft measurement model is built using BP neural network to make the explosives performance parameters measurable online.The simulation results show that this model can accurately predict detonation velocity and brisance online.The last part designs the emulsion explosive quality evaluation system based on the soft measurement and multilevel fuzzy evaluation method, and provides a new idea for establishing a scientific and effective explosive quality evaluation system.
